Background--Patients with atrial fibrillation (AF) often undergo AV junction ablation (AVJA) and pacemaker implantation. Right ventricular (RV) pacing contributes to increased risk of heart failure (HF), which may be mitigated by biventricular pacing. We sought to determine the impact of AVJA concurrent with RV versus biventricular pacemaker implantation on AF and HF hospitalizations.
I
n patients with atrial fibrillation (AF), hospitalizations to manage symptoms of AF or those related to development of heart failure (HF) are common. AV junction ablation (AVJA) is sometimes necessary to achieve ventricular rate control and to mitigate the need for recurrent AF-or HF-related hospitalizations. 1, 2 By nature of the ablation procedure, patients require pacemaker implantation to maintain an adequate heart rate. Although right ventricular (RV) pacing has been most commonly used, concerns have been raised about the deleterious impact of RV pacing on clinical outcomes; in some patients, clinical deterioration can occur within months of pacemaker implantation. 3 Thus, several investigators have explored the role of biventricular pacing in this patient population. [4] [5] [6] [7] [8] However, these studies have produced conflicting results, likely in part because of the relatively few patients enrolled and variability in follow-up duration. Therefore, in this large retrospective study using real-world data from a cohort of patients with AF who were undergoing pacemaker implantation, we sought to determine the following: (1) the impact of AVJA at pacemaker implantation on subsequent AF-and HF-related hospitalizations and associated costs and (2) whether these differed in patients implanted with an RV versus a biventricular pacemaker after AVJA.
Methods Data Source
This retrospective, observational, cohort study used data from inpatient hospital encounters and outpatient physician office visits collected in the Truven Health MarketScan Commercial Claims and Medicare Supplemental databases. The databases capture paid and adjudicated claims for privately insured and Medicare Advantage (supplemental) patients throughout the United States, and include records from >170 million enrollees since 1995. 9 A monthly enrollment indicator is used to determine when a patient is followed up in MarketScan. Health outcomes research using MarketScan data has been widely published in peer-reviewed journals, including studies of patients undergoing cardiac procedures and receiving implantable electronic devices. [10] [11] [12] This study was a retrospective analysis of a deidentified database and, thus, the research was exempt from institutional review board review under 45 CFR 46.101(b) (4) . All codes used to identify implants, baseline characteristics, and events are listed in Table 1 .
Study Population
Patients implanted with a de novo single-chamber, dualchamber, or biventricular pacemaker from any manufacturer between April 1, 2008 , and March 31, 2014, were included. De novo implants were identified as patients with a pacemaker without a prior device implant and without a remote or in-office pacemaker follow-up visit in the 1 year before implantation. Patients with an AVJA occurring on a day other than the day of pacemaker implantation were excluded from the analysis. To compare the effect of AVJA on patients with biventricular versus RV-only pacing, patients implanted with biventricular pacemakers were evaluated separately from those implanted with single-or dual-chamber pacemakers. Patient demographics included age, sex, US region, year of pacemaker implantation, and number of pacing leads (patients with an RV pacemaker only). In addition, 20 baseline comorbidities (based on the Charlson comorbidity index) were determined using diagnosis and procedure codes collected across all available fields in the MarketScan inpatient and outpatient encounters in the 1 year before pacemaker implantation (Table 1) , as previously validated.
13,14 US regions included Northeast, North Central, South, and West. Propensity scores for undergoing an AVJA were calculated for every patient in the study cohort on the basis of a multivariable logistic regression model, including all covariates used in the patient characterization and cumulative AF and HF hospitalization rates in the 1 year before pacemaker implantation. Patients were propensity score matched using greedy matching without replacement. A match ratio of 1:1 was used for patients implanted with biventricular pacemakers. For those implanted with RV pacemakers, a 4:1 match ratio was used because of the large proportion of AVJA À patients.
Outcomes
Primary outcomes included AF and HF hospitalizations occurring in the 3 years after pacemaker implantation. AF and HF hospitalizations were identified by any inpatient encounter for which the primary diagnosis was AF or HF related, respectively. A 1-week postimplantation blanking window was used to exclude complications associated with pacemaker implantation or AVJA. The secondary outcome was annualized total payments associated with AF or HF hospitalizations, evaluated over the 3 years after pacemaker implantation.
Clinical Perspective
What Is New?
• We analyzed a large database of patients with atrial fibrillation who underwent ablation of the AV junction, followed by either right ventricular or biventricular pacemaker implantation, and found that AV junction ablation was associated with a reduced likelihood and rate of atrial fibrillation-related hospitalization, irrespective of pacemaker type implanted.
• Right ventricular pacing was associated with a greater likelihood and rate of heart failure hospitalizations, whereas this was not observed in patients with a biventricular pacemaker.
• Implantation of a biventricular pacemaker was associated with a 38% reduction in heart failure hospitalizations, and this translated into a 27% reduction in annual payments.
What Are the Clinical Implications?
• In a large national cohort of patients with atrial fibrillation undergoing AV junction ablation, a marked increase in heart failure hospitalizations was observed in patients implanted with a right ventricular pacemaker, whereas this was not observed with biventricular pacing.
• Thus, studies comparing a selective conduction system with biventricular pacing in this patient population are needed to define the optimal post-AV junction ablation pacing strategy.
AVJA + Subanalysis
To directly compare the impact of biventricular versus RV-only pacing on HF hospitalizations after AVJA, a subanalysis was performed in only AVJA + patients. Propensity scores for receiving an RV versus a biventricular pacemaker were computed, as described previously. Patients with RV and biventricular pacemakers were 1:1 propensity score matched using greedy matching without replacement. HF hospitalizations and associated payments were compared between the matched RV and biventricular pacemaker cohorts. test. In addition, the standardized mean differences were computed for all variables. Standardized mean difference values >0.1 are considered meaningful. Standardized mean differences were computed with the tableone package in R, using previously described methods. 15 Cumulative rates of AF and HF hospitalizations (events per 100 patient-years) were compared between matched groups using a Poisson regression. Event-free survival was measured by the Kaplan-Meier method, and differences between matched cohorts were compared using a univariate marginal Cox proportional hazards model to account for possible correlation or clustering in matched groups. The proportional hazards assumption was tested using Schoenfeld residuals and was met for all comparisons. Patients were censored at hospitalization, at the end of MarketScan enrollment, or at an administrative censoring date set at 3 years after pacemaker implantation. In addition, patients implanted with RV pacemakers were censored at biventricular upgrade. For multivariate analysis on the prematched cohorts, a Cox regression was performed with the propensity score as the covariate. Statistical significance was determined using a=0.05.
Statistical Analyses
For the secondary outcome of costs associated with AF or HF hospitalizations, a 2-part model was used to compare inpatient hospitalization payments between matched cohorts.
The 2-part model is a well-established econometric modeling technique that accounts for samples with a large proportion of 0 measurements, common to healthcare data in which healthy participants incur no medical costs. In part 1, a logistic regression was used to model the likelihood of incurring non-0 payments after pacemaker implantation, adjusting for therapy group, follow-up duration, and the computed propensity score. Using this model, the numeric probability of incurring non-0 payments at 1 year after implantation was then estimated for each patient. In part 2, using only those patients who had non-0 hospitalization payments in the 3 years after pacemaker implantation, a linear regression with c distribution and log link was used to model the total hospitalization costs, adjusting for therapy group, follow-up duration, and the computed propensity score. The total payments at 1 year after implantation were then predicted for all patients using results from the linear regression model. The final adjusted cost for each patient was computed as the product of the probability from part 1 and the predicted payments from part 2. A Mann-Whitney test was used to compare the median adjusted costs between groups.
All analyses were performed on Revolution Analytics Revolution R Enterprise with Open Source R version 3.1.1. Matching was performed in SAS version 9.3 using the OneToManyMTCH macro.
Results

Study Population
The study cohort included 24 361 patients with a pacemaker followed up for a median of 2.20 (quartile 1-quartile 3, 1.55-3.21) years. Overall, 1611 patients (4.8%) underwent a pacemaker implantation and same-day AVJA. Of these patients, 798 were implanted with an RV and 363 were implanted with a biventricular pacemaker (Figure 1 men). Baseline characteristics after propensity score matching are presented in Table 2 . The groups were well matched in terms of baseline characteristics (Table 2 ) and cumulative AF and HF hospitalization rates (Table 3) in the 1 year before pacemaker implantation.
AF Hospitalizations and Payments After Pacemaker Implantation
In the 3 years after pacemaker implantation, AVJA + patients
were associated with a significantly reduced risk for AF hospitalization compared with matched AVJA À patients, Figure 2A ) pacemaker. Likewise, the cumulative rate of AF hospitalizations after pacemaker implantation was significantly lower for AVJA + patients compared with matched AVJA À patients in both RV and biventricular pacemaker cohorts (Table 3) . These rate reductions translated to significantly lower adjusted healthcare payments associated with AF hospitalizations, regardless of device type. Patients implanted with an RV pacemaker at AVJA were associated with a 72.2% reduction in annualized inpatient AF payments compared with matched patients with an RV pacemaker without an AVJA (Table 3) . Those implanted with a biventricular pacemaker at AVJA were associated with an even greater reduction of 80.2% in annualized inpatient AF payments (Table 3) . Figure 2B ). After RV pacemaker implantation, the cumulative rate of HF hospitalizations was significantly higher for AVJA + patients compared with the matched AVJA À cohort (Table 3) . This translated to a 33.5% increase in annualized payments related to HF hospitalizations for AVJA + versus AVJA À patients with an RV pacemaker ( Table 3 ). In contrast, the cumulative rate of HF hospitalizations was similar between matched AVJA + and AVJA À patients implanted with biventricular pacemakers (Table 3 ). For those Values are reported as median (quartile 1-quartile 3). Preimplantation events analyzed during the 1 year before pacemaker implantation; postimplantation events analyzed over the 3 years after pacemaker implantation. + indicates did undergo AVJA; À, did not undergo AVJA; AVJA, AV junction ablation; and RV, right ventricular (single or dual chamber).
HF Hospitalizations and Payments After Pacemaker Implantation
implanted with biventricular pacemakers, AVJA + patients were associated with 24.2% lower annualized HF hospitalization payments compared with matched AVJA À patients (Table 3) .
AVJA + Subanalysis
From the 798 patients with an RV and 363 patients with a biventricular pacemaker in the study cohort with an AVJA, propensity score matching yielded 357 patients with an RV and 357 patients with a biventricular pacemaker. The matched cohorts did not differ in baseline characteristics (Table 4) or cumulative AF and HF hospitalization rates in the 1 year before implantation (Table 5) . Compared with patients implanted with RV pacemakers after AVJA, those implanted with biventricular pacemakers were associated with a significantly reduced risk of HF hospitalization (HR, 0.62; 95% CI, 0.41-0.92; P=0.017) in the 3 years after implantation ( Figure 3 ). Minimal heterogeneity was observed within subgroups on the basis of patient age, sex, and baseline comorbidities, with all stratifications showing either a nonsignificant or a reduced risk for HF hospitalizations associated with biventricular versus RV pacemaker implantation after AVJA (Figure 4) . The cumulative rate of HF hospitalizations was significantly lower for AVJA + patients implanted with biventricular pacemakers compared with matched patients implanted with RV pacemakers (Table 5) . These results correlated with a 27.2% reduction in annualized HF hospitalization payments for AVJA + patients implanted with biventricular versus RV pacemakers (Table 5) . During a median of 2.08 (quartile 1-quartile 3, 1.51À2.95) years after AVJA, 60 patients (16.8%) with an RV pacemaker and 38 patients (10.6%) with a biventricular pacemaker were hospitalized for HF (P=0.022). In both device groups, most Values are reported as median (quartile 1-quartile 3), meanAESD, and count (percentage). + indicates did undergo AVJA; AVJA, AV junction ablation; RV, right ventricular (single or dual chamber); SMD, standardized mean difference; and VT/VF, ventricular tachycardia/ventricular fibrillation.
hospitalized patients incurred only 1 or 2 HF hospitalizations during the follow-up, with only 5 patients incurring between 3 and 5 total hospitalizations ( Figure 5 ). These results suggest that the observed difference in HF hospitalization rates may be attributed to the higher proportion of patients with an RV pacemaker hospitalized, rather than an accumulation of hospitalizations in either group.
Discussion
This retrospective investigation using data from the Truven Health MarketScan Commercial Claims and Medicare Supplemental databases represents the largest analysis to date of patients undergoing AVJA and concomitant RV or biventricular pacemaker implantation. In addition, the 3-year follow-up represents the longest reported follow-up in an AVJA patient cohort. The principal findings of this study are as follows: (1) AVJA was associated with a significantly reduced likelihood and rate of AF-related hospitalization, irrespective of whether an RV or a biventricular pacemaker was implanted; (2) RV pacing was associated with a significantly greater likelihood and rate of HF hospitalizations after AVJA, whereas this was not observed in patients with a biventricular pacemaker; (3) after AVJA, implantation of a biventricular pacemaker was associated with a 38% reduction in HF hospitalizations compared with patients with an RV pacemaker; and (4) this translated into a 27% reduction in annual payments related to HF hospitalizations. Although a single-center retrospective study suggested that AVJA, followed by RV pacing, was not associated with an adverse impact on left ventricular (LV) ejection fraction, 16 this
was not confirmed by a randomized clinical trial, especially in patients with underlying LV dysfunction or symptomatic HF. 4 Furthermore, the deleterious effect of RV pacing was mitigated by the use of biventricular pacing. Around the same time, Brignole et al randomized 56 patients with permanent AF who were undergoing AVJA and implantation of a biventricular pacing system to undergo either RV-or LV-only pacing. 6 Three months later, the patients were crossed over to the other arm. Subsequently, the patients were randomized to RV or biventricular pacing and then crossed over 1 final time 3 months later. The primary end points were quality of life and exercise capacity at the end of each 3-month period. Much of the observed benefit was a direct result of the AVJA itself; LV or biventricular pacing provided, at best, only modest additional benefit. These conflicting results led several investigators to conduct randomized clinical trials. Orlov et al randomized 108 patients in a 4:1 manner to biventricular versus RV pacing after AVJA. 8 Six months after AVJA, RV pacing was associated with a significantly greater increase in left atrial volume, LV end-systolic volume, and LV mass compared with biventricular pacing. To assess hard clinical outcomes, Brignole et al reported on 186 patients with permanent AF who underwent AVJA and were then randomized to receive Values are reported as median (quartile 1-quartile 3). Preimplantation events analyzed during the 1 year before pacemaker implantation; postimplantation events analyzed over the 3 years after pacemaker implantation. + indicates did undergo AVJA; AVJA, AV junction ablation; HF, heart failure; and RV, right ventricular (single or dual chamber). either biventricular or RV-only pacing. 5 The primary end point was a composite of death from HF, hospitalization attributable to HF, and worsened HF, with a median followup of 20 months. The biventricular group had a 63% reduction in the composite outcome, which was driven by a 73% reduced likelihood of worsening HF and an 80% reduced likelihood of HF hospitalization. The benefit of biventricular was observed in both patients with and without LV dysfunction. These prior studies have been limited by small sample size, the disparate timing between pacemaker implantation and AVJA, short duration of follow-up (most commonly just 6 months), and lack of comparison to a group of patients who did not undergo AVJA. In contrast, our study has several important advantages. First, this is the largest study reported to date of patients undergoing AVJA. Second, we have a matched population of patients who did not undergo AVJA. In addition, for the first time ever, we have event rate data on these patients for 1 year before pacemaker implantation. This allowed us to make a more meaningful comparison of outcomes between patients with AF who did or did not undergo AVJA, stratified by whether they received an RV or a biventricular pacemaker. Before pacemaker implantation, the RV and biventricular pacemaker cohorts had a similar number of AF-and HF-related hospitalizations. Subsequently, hospitalization attributable to AF was less common in patients who underwent AVJA, irrespective of whether they received an RV or a biventricular pacemaker. In contrast, HF hospitalizations increased dramatically in patients who underwent AVJA followed by RV pacing. This adverse effect was not observed in patients who received a biventricular pacemaker. In an analysis of a matched cohort, biventricular pacing was associated with a 38% reduction in HF hospitalization, consistent with data reported from a prior meta-analysis. 17 Third, payments in patients receiving a biventricular pacemaker after an AVJA were $957 per year lower than in those receiving an RV pacemaker, a decrease of 27.2% in HF hospitalization-related costs. Previous analyses of MarketScan data found total annual medical expenditures to be $11 528 in patients with AF 18 and $11 394 in patients with HF, 19 so $957 accounts for %8% of the annual payments in patients with these conditions. These savings pertain solely to avoidance of HF hospitalizations and are likely underestimates of total savings associated with reducing HF hospitalizations, because they do not account for other expenses incurred by patients experiencing HF, such as increase in medication, home care, and loss of productivity. Total medical expenditures in patients with congestive HF can range between $33 000 and $40 000. 19, 20 In the RV group, when patients required an HF hospitalization, most experienced 1 or 2 hospitalizations; this was enough to result in the increased expenditure in this patient population.
Limitations
The limitations of this type of analysis have been reported previously. 2 We have no information about LV ejection fraction and, thus, cannot distinguish between HF with preserved versus reduced ejection fraction. Similarly, because we used ICD-9 codes to diagnose AF, we cannot distinguish paroxysmal from persistent and permanent forms of AF, and there is no way to assess the success of AF management. We also cannot reliably determine the pacemaker implantation indication. Lack of information on ejection fraction, pacemaker indication, and AF may introduce confounding. Finally, mortality data are not available in the data set used for this analysis. When MarketScan enrollment ends for a particular patient, we cannot determine whether this was because of death or other reasons, such as cancellation in health insurance coverage or transfer to Medicare. However, because the primary end point of an inpatient or outpatient HF diagnosis is likely to precede an HF-related mortality event, it is expected that our analysis reflects the real-world incidence of new-onset HF after pacemaker implantation. 2 
Conclusions
In a large national cohort of patients with AF, those who underwent AVJA had a significantly lower likelihood of hospitalization for AF, irrespective of whether an RV or a biventricular pacemaker was implanted. However, AVJA was associated with a marked increase in HF hospitalizations in patients implanted with an RV pacemaker, whereas this was not observed with biventricular pacing. Similarly, a recent study found that His-bundle pacing after AVJA significantly improved echocardiographic measurements, New York Heart Association symptom class, and requirement for diuretics in patients with AF with a narrow QRS, irrespective of whether the LV ejection fraction was preserved or reduced. 21 Thus, we await the results of ongoing studies (eg, NCT02805465 22 )
that compare selective conduction system pacing with biventricular pacing in this patient population to define the optimal post-AVJA pacing strategy. 
